Pregnant women experience increased morbidity and mortality after influenza infection, for reasons that are not understood. Although some data suggest that natural killer (NK)-and T-cell responses are suppressed during pregnancy, influenza-specific responses have not been previously evaluated. Thus, we analyzed the responses of women that were pregnant (n = 21) versus those that were not (n = 29) immediately before inactivated influenza vaccination (IIV), 7 d after vaccination, and 6 wk postpartum. Expression of CD107a (a marker of cytolysis) and production of IFN-γ and macrophage inflammatory protein (MIP) 1β were assessed by flow cytometry. Pregnant women had a significantly increased percentage of NK cells producing a MIP-1β response to pH1N1 virus compared with nonpregnant women pre-IIV [median, 6.66 vs. 0.90% (P = 0.0149)] and 7 d post-IIV [median, 11.23 vs. 2.81% (P = 0.004)], indicating a heightened chemokine response in pregnant women that was further enhanced by the vaccination. Pregnant women also exhibited significantly increased T-cell production of MIP-1β and polyfunctionality in NK and T cells to pH1N1 virus pre-and post-IIV. NK-and T-cell polyfunctionality was also enhanced in pregnant women in response to the H3N2 viral strain. In contrast, pregnant women had significantly reduced NK-and T-cell responses to phorbol 12-myristate 13-acetate and ionomycin. This type of stimulation led to the conclusion that NK-and T-cell responses during pregnancy are suppressed, but clearly this conclusion is not correct relative to the more biologically relevant assays described here. Robust cellular immune responses to influenza during pregnancy could drive pulmonary inflammation, explaining increased morbidity and mortality.
Pregnant women experience increased morbidity and mortality after influenza infection, for reasons that are not understood. Although some data suggest that natural killer (NK)-and T-cell responses are suppressed during pregnancy, influenza-specific responses have not been previously evaluated. Thus, we analyzed the responses of women that were pregnant (n = 21) versus those that were not (n = 29) immediately before inactivated influenza vaccination (IIV), 7 d after vaccination, and 6 wk postpartum. Expression of CD107a (a marker of cytolysis) and production of IFN-γ and macrophage inflammatory protein (MIP) 1β were assessed by flow cytometry. Pregnant women had a significantly increased percentage of NK cells producing a MIP-1β response to pH1N1 virus compared with nonpregnant women pre-IIV [median, 6.66 vs. 0.90% (P = 0.0149)] and 7 d post-IIV [median, 11.23 vs. 2.81% (P = 0.004)], indicating a heightened chemokine response in pregnant women that was further enhanced by the vaccination. Pregnant women also exhibited significantly increased T-cell production of MIP-1β and polyfunctionality in NK and T cells to pH1N1 virus pre-and post-IIV. NK-and T-cell polyfunctionality was also enhanced in pregnant women in response to the H3N2 viral strain. In contrast, pregnant women had significantly reduced NK-and T-cell responses to phorbol 12-myristate 13-acetate and ionomycin. This type of stimulation led to the conclusion that NK-and T-cell responses during pregnancy are suppressed, but clearly this conclusion is not correct relative to the more biologically relevant assays described here. Robust cellular immune responses to influenza during pregnancy could drive pulmonary inflammation, explaining increased morbidity and mortality. P regnant women experience increased morbidity and mortality as a result of multiple viral infections, including influenza, hepatitis E, varicella, and measles (1, 2) . Increased influenza morbidity and mortality among pregnant women is particularly well-defined after influenza pandemics but is also described with seasonal influenza (3, 4) . For instance, in the 1918 influenza pandemic, a case series described mortality rates of 27% in pregnant women compared with 1% in the general population, and, in the 1957 pandemic, 50% of influenza deaths among reproductive aged women in Minnesota were in those that were pregnant (5, 6) . During the 2009 H1N1 pandemic, although pregnant women constituted only ∼1% of the population, they accounted for 5-7% of the deaths, hospitalizations, and intensive care unit admissions, with increased risk observed in the second and third trimesters (7, 8) . Pregnant women and women planning to become pregnant have therefore been identified as a priority group to receive the influenza vaccine; however, only 50% of pregnant women or women who planned to become pregnant during the influenza season received the vaccine in 2012 (9) .
The mechanisms behind this morbidity and mortality in pregnant women remain poorly understood although immune modulation required for fetal tolerance may contribute to the poor outcomes. For instance, suppression of T-cell and natural killer (NK)-cell responses by regulatory T cells during pregnancy is linked to amelioration of certain autoimmune diseases (10) (11) (12) . In addition, NK and T cells from pregnant women exhibit decreased interferon (IFN)-γ and macrophage inflammatory protein (MIP)-1β production in response to interleukin (IL)-12/15 stimulation or phorbol 12-myristate 13-acetate and ionomycin (PMA/I) (13) (14) (15) (16) . Prior work has also suggested a systemic type 2 T helper (Th2) bias as pregnancy progresses (17, 18) . Although each of these immune alterations could compromise viral immunity, they are likely an oversimplification because recent longitudinal studies in humans report a complex inflammatory environment during pregnancy, in which both pro-and anti-inflammatory cytokines are increased in concentration (14) . Furthermore, increased frequencies of monocytes and dendritic cells were observed whereas NK-cell and T-cell frequencies and functions decreased (13) .
How these pregnancy-associated immune alterations affect antiviral responses has not been comprehensively examined. Pregnant women appear to have an adequate, although in some cases reduced, antibody response to inactivated influenza vaccination (IIV) (19, 20) . Plasmacytoid dendritic cells from pregnant women produce less IFN-α in response to influenza in vitro, suggesting an impaired innate immune response (21, 22) . T-cell and NK-cell responses are critical for the control and clearance of influenza virus (23-28) but have not been examined in humans during pregnancy. In murine models, influenza infection leads to increased mortality in pregnant compared with nonpregnant mice (29, 30) . However, data are conflicting as to whether the increase in mortality is due to a deficiency in cellular immunity or to an overly robust immune response of inflammatory cytokines and chemokines that drives cellular infiltration and airspace disease (29) (30) (31) . In nonpregnant mice, there is emerging data suggesting that fatal influenza is indeed secondary to excessive chemokine production and recruitment of innate immune cells, the attenuation of which improves survival without increasing viral spread (32) .
Significance
Pregnant women are subject to increased morbidity and mortality after influenza-virus infection. Pregnancy-induced suppression of the cellular immune system to promote fetal tolerance has been suggested as a potential mechanism. Here, we report that, whereas pregnant women indeed have decreased natural killer (NK)-and T-cell functional responses after nonspecific stimulation with phorbol 12-myristate 13-acetate and ionomycin, they have significantly increased NK-and T-cell responses to influenza virus compared with nonpregnant women. Intriguingly, these differences were present prior to influenza vaccination and were further enhanced after vaccination. Collectively, our data suggest a model in which an enhanced inflammatory response to influenza during pregnancy results in additional pathology in pregnant women, providing a potential explanation for their disproportionate morbidity and mortality.
NK and T cells are also important in generating protective responses to IIV, and influenza vaccination has proven to be a useful surrogate to evaluate the NK-and T-cell immune response to influenza virus in humans (33) (34) (35) . This approach has not yet been applied to pregnant women. Here, we explore whether pregnancy modifies the NK-cell and T-cell chemokine, cytokine, and cytolytic responses to 2009 pH1N1 and 2011 H3N2 virus by evaluating baseline, postvaccination, and postpartum NK-and T-cell responses in pregnant and nonpregnant women. Venous blood was collected before vaccination to assess baseline NK-and T-cell functions and, 7 d after vaccination, to assess the effect of the vaccine prime on NK-and T-cell functions, in both pregnant and control participants. Pregnant participants were also evaluated ∼6 wk postpartum. All participants were females aged 18-42 y. Exclusion criteria for all participants included concomitant illnesses, immunosuppressive medications, or receipt of blood products within the previous year. Pregnant women were also excluded for known fetal abnormalities and morbid obesity (prepregnancy body mass index > 40). This study was performed in accordance with the Declaration of Helsinki and approved by the Stanford University Institutional Review Board; written informed consent was obtained from all participants. PBMC Infection and Stimulation. Cryopreserved PBMCs were thawed and washed with RPMI (Thermo Scientific) supplemented with 10% (vol/vol) FBS (Thermo Scientific) and 50 U/mL benzonase (EMD Millipore), and then washed and resuspended in serum-free media at 1.5 × 10 6 per 100 μL. Infection with 2009 pH1N1 wild-type virus and A/Victoria/361/2011 (H3N2) wild-type virus (kindly provided by Kanta Subbarao, National Institutes of Health, Bethesda) was performed at a multiplicity of infection (MOI) of 3 for 1 h at 37°C with 5% carbon dioxide. After 1 h, 100 μL of RPMI supplemented with 10% FBS (RP10) was then added for 2 h. The plate was then spun at 750 × g and resuspended in RP10 with 2 μM monensin, 3 μg/mL brefeldin A (eBiosciences), and anti-CD107a-allophycocyanin-H7 (BD Pharmingen) for 4 h. PMA/I (eBiosciences) was added to positive control wells. EDTA (Hoefer) was added to 1.66 mM for 10 min to arrest stimulation.
Methods
Cell Staining and Flow-Cytometric Analysis. Cells were stained with LIVE/DEAD fixable Aqua Stain (Life Technologies) and then fixed and permeabilized with FACS Lyse and FACS Perm II (BD Pharmingen) according to the manufacturer's instructions. Cells were stained with anti-CD3-phycoerythrin-Cy7, anti-CD8-PerCP-Cy5.5, anti-IFN-γ-allophycocyanin, anti-MIP-1β-phycoerythrin, Granzyme B-violet-450 (BD Pharmingen), and anti-CD7-fluorescein isothiocyanate (BioLegend) and fixed using 1% paraformaldehyde. Uncompensated data were collected using a four-laser LSR-II using the following configuration: http://facs.stanford.edu/lsr2_config. Analysis and compensation were performed using FlowJo flow-cytometric analysis software, version 9.7.5 (Tree Star). All functional values were background subtracted by the negative control. Individual samples were excluded from the functional analysis if the number of NK, CD4
+ , or CD8 + T cells was less than 200.
Statistical Analysis. Statistical analysis was performed using GraphPad Prism, version 6.0d (GraphPad Software). Pregnant and control participant characteristics were compared using Mann-Whitney U Tests for continuous variables and Fisher's exact test for discreet variables. Functional results were compared between groups using Mann-Whitney U tests, and longitudinal data within groups were compared using the Wilcoxon rank-sum test. 
Results
Cohort Demographics. Demographics of the cohort are summarized in Table 1 . The average age of the pregnant (30.1 ± 5.8 y) and control (27.6 ± 5.9 y) women was not significantly different.
A significantly lower proportion of pregnant women (43%) than control women (76%) had received a seasonal influenza vaccine in the prior year by self report (P = 0.02). Pregnant women were nearly equally divided between the second and third trimesters at the time of enrollment ( Table 1) .
Assessment of NK-Cell, CD8
+ T-Cell, and CD4 + T-Cell Frequency Pre-and Post-IIV. To assess whether pregnancy was associated with alterations in the frequency of NK and T cells pre-or postvaccination, NK cells and CD4 + and CD8 + T cells were identified (Fig. 1A) . The frequency of NK cells, CD8 + T cells, or CD4 + T cells did not significantly differ between pregnant and control groups pre-or postvaccination (Fig. 1B) . Vaccination did not result in a significant change in the proportion of NK-cell, CD8
+ T-cell, or CD4 + T-cell populations in either the pregnant or control group. In addition, there was no change in NK-cell, CD8
+ T-cell, or CD4 + T-cell frequencies in pregnant women compared with postpartum (Fig. 1C) . Therefore, the frequency of NK cells, CD8 + T cells, or CD4 + T cells was not significantly altered by either IIV or pregnancy.
Robust Inflammatory Responses to Influenza A Virus in Pregnant Women.
To assess NK-and T-cell functional responses to influenza-virus infection, we modified an assay previously described by He et al. and Long et al. (33, 35, 36) . PBMCs were incubated with influenza virus, resulting in infection of 60-70% of monocytes (Fig. S1 ). Functional responses in NK cells and T cells were evaluated in pregnant and nonpregnant women immediately before and after vaccination ( Fig. 2A) . Prevaccination responses reflect intrinsic NKcell responses and those of preexisting memory T cells whereas day 7 postvaccination responses reflect any additional response, or priming, generated by IIV. Immediately before vaccination, a higher percentage of NK cells in pregnant women produced MIP-1β to pH1N1 virus [median, 6.66 vs. 0.90% (P = 0.015)] and expressed CD107a, a marker of cytolysis [median, 2.61 vs. 1.53% (P = 0.05)] after pH1N1 virus stimulation in vitro (Fig. 2B) . On day 7 postvaccination, the differences in NK-cell functional responses between the pregnant and control groups were more dramatic, with increased production of IFN-γ [median, 8.96 vs. 5.02% (P = 0.024)], MIP-1β [median, 11.23 vs. 2.81% (P = 0.004)], and CD107a expression [median, 3.57 vs. 1.35% (P = 0.001)] (Fig. 2B) . Pregnant women also demonstrated increased MIP-1β production in CD8 + and CD4
+ T cells prevaccination and on day 7 and increased production of IFN-γ in CD8
+ T cells at day 7 compared with nonpregnant women (Fig. 2B ). Responses to H3N2 virus were qualitatively different from those to pH1N1, with higher frequencies of IFN-γ-producing NK and T cells and lower frequencies of MIP-1β-producing T cells (Table S1 ). Although responses to H3N2 appeared to be somewhat higher in pregnant women, these differences were far less dramatic and generally not significant (Fig. S2A ). Excluding controls from 2010 and 2011, to account for H3N2 vaccine strain differences, did not dramatically change these findings (Fig. S3A) . Importantly, all of these differences were specific to influenza virus because NK cells, CD8 + T cells, and CD4 + T cells in pregnant women produced significantly less IFN-γ at baseline than controls in response to PMA/I and did not differ in MIP-1β production or CD107a expression from controls (Fig. 2C ). Given differences between pregnant and control groups in prior vaccination status, we stratified the cohort based on vaccination history (Fig. S4A) . Although the number of women in each group was very small, the trends for increased responses to pH1N1 virus in pregnant women remained. In particular, pregnant women who had not been vaccinated in the prior year had significantly increased MIP-1β NK-and T-cell responses to pH1N1 after vaccination compared with nonpregnant women who were also unvaccinated in the prior year (Fig. S4A) .
Pregnancy Is Associated with Increased Polyfunctional Cellular Responses
to Influenza A Virus. Given the increased responsiveness to pH1N1 virus in pregnant women, we examined whether pregnancy was associated with an increased frequency of NK or T cells performing multiple functions simultaneously. NK cells from pregnant women were significantly more likely to have any two functions per cell at baseline [median, 2.85% vs. 0.75% (P = 0.005)] and day 7 postvaccination [median, 3.67% vs. 1.174% (P = 0.003)] than controls (Fig. 3A) . In addition, NK cells from pregnant women were more likely to perform all three functions, both at baseline [median, 0.52% vs. 0.04% (P = 0.018)] and at day 7 [median 0.41% vs. 0.13% (P = 0.023)] after vaccination (Fig. 3A) . CD8
+ T cells and CD4 + T cells were similarly more polyfunctional in pregnant women compared with controls (Figs. 3A) . The various combinations of two or three functions were also consistently enhanced in pregnant women compared with controls. (Fig. 3B) . We again stratified the cohort by vaccination history and found that pregnant women had more polyfunctional responses to pH1N1, regardless of vaccination history (Fig. S4B ). NK and T cells in pregnant women were also significantly more polyfunctional in response to H3N2 virus (Fig. S2B) , and T cells remained so when excluding controls from 2010 and 2011 (Fig. S3B) . Thus, both NK cells and T cells appeared to have more polyfunctional responses to influenza A virus during pregnancy. In stark contrast to the influenza virus response, NK and T cells in pregnant women were less likely than nonpregnant controls to have multiple functions in response to PMA/I (Fig. S5 ).
Priming and Maintenance of Influenza A Virus Responses in Pregnant
Women. Responses to pH1N1 virus in pregnant women were evaluated longitudinally (Fig. 4A) . Both NK cells and CD4
+ T cells demonstrated a significant increase in MIP-1β after vaccination (P = 0.016 and 0.036, respectively); however, there were no significant changes in IFN-γ production or cytolytic activity at day 7. In the postpartum period, the frequency of IFN-γ-producing NK cells (P = 0.03) and CD8 + T cells (P = 0.017) declined significantly, as did the frequency of MIP-1β-producing CD8
+ cells (P = 0.022) and CD4 + T cells (P = 0.029) from the day 7 postimmunization time point. However, there were no significant differences in cytokine production or cytolytic activity between the baseline and postpartum time point. We also evaluated longitudinal responses to H3N2 virus; NK-and T-cell responses were generally not significantly influenced by vaccination or pregnancy (Fig. S2C) . In contrast to the responses to influenza A viruses, there was a robust increase in production of IFN-γ and MIP-1β, and CD107a expression in NK cells, CD8 + T cells, and CD4
+ T cells after stimulation with PMA/I in the postpartum period (Fig. 4B) .
Effect of Pregnancy Trimester on Cellular Responses to Vaccination.
Immune responsiveness could change throughout pregnancy, and prior work has proposed a decreasing ratio of type 1 T helper (Th1) to Th2 CD4 + T cells as pregnancy progresses (37) . We therefore evaluated whether there were differences in the response to pH1N1 virus between women in their second and third trimester. Before vaccination, there were no significant differences between NK cell, CD8 + T cell, or CD4 + T-cell IFN-γ or MIP-1β production between women in their second vs. third trimester (Fig. S6) . However, at day 7, primed IFN-γ production was increased in NK cells (P = 0.0079) and CD4 + T cells (P = 0.0356) in women in their second trimester compared with the third trimester. This finding suggests that trimester does not impact baseline responses to pH1N1 virus but may affect the priming of NK-and T-cell responses.
Discussion
During pregnancy, alterations in systemic immunity can have dramatic effects on maternal and fetal health. It is generally believed that T-and NK-cell responses are suppressed during pregnancy, based on the marked amelioration of symptoms in subjects that have certain types of autoimmunity (10) (11) (12) . Here, we performed, to our knowledge, the first evaluation of how pregnancy alters the NK-and T-cell immune responses to influenza in humans by profiling the cytokine and cytolytic responses to influenza A viruses before and after vaccination with IIV. At baseline and after vaccination, we were surprised to find that pregnant women had enhanced, not suppressed, NKand T-cell responses to influenza A virus compared with nonpregnant women. Although the differences in production of the chemokine MIP-1β were particularly impressive in response to pH1N1 virus, pregnant women also had significantly increased frequencies of polyfunctional NK and T cells in response to both pH1N1 and H3N2 viruses. This heightened responsiveness in pregnant women was observed only with influenza A viruses because PMA/I responses were equivalent or lower in pregnant women compared with controls. These data highlight the complex changes in immune function that occur during pregnancy, in which responses to some stimuli are suppressed but others are enhanced. Collectively, our data indicate that pregnant women have increased NK-and T-cell cytokine and chemokine production in response to influenza virus in vitro. Excessive immune-cell recruitment in response to influenza virus during pregnancy may tip the balance from a healthy immune response into one that is destructive, resulting in increased disease severity. Several lines of evidence support the idea that increased production of chemokines and cytokines in response to influenza may contribute to pathology during influenza infection. For example, overabundant chemokines have been linked to increased pathogenicity and morbidity in influenza infection in humans (38), and blockade of influenza-induced cytokines protects against influenza mortality in mice without increasing viral titers in infected tissue (39) . Significantly, in murine models, influenza preferentially induces monocyte-attracting chemokines, such as MIP-1β (40) . Mice deficient in MIP-1α, another CC chemokine with similar functional properties to MIP-1β, have less influenza-induced pneumonitis despite delayed viral clearance (41) . In humans, MIP-1β levels correlate with severity of influenza symptoms and viral replication, and rise with similar kinetics after influenza infection with other CC chemokines (42, 43) . In pregnant women, IFN-α and IFN-λ production are decreased compared with controls when PBMCs are cocultured with influenza (21, 22) . Diminished interferon production may result in higher viral titers and increased production of CC-chemokines in vivo, resulting in more inflammation and increased morbidity. Pregnant women have also been shown to have decreased IgG subclass 2 production during influenza infection, which has been associated with severe disease and cytokine dysregulation (44) (45) (46) . Thus, our detection of elevated percentages of MIP-1β-producing NK cells, CD4
+ T cells, and CD8 + T cells in pregnant women in response to influenza A viruses, and pH1N1 virus in particular, but not nonspecific stimulation with PMA/I, suggests a possible mechanism for increased disease severity in pregnant women.
CC chemokines such as MIP-1β appear to have dual roles during pregnancy. In addition to their roles in recruiting immune cells during infection, CC chemokines are important in both placentation and parturition. MIP-1α is produced by cytotrophoblasts in the placenta to recruit large quantities of monocytes and NK cells to the uterine decidua during pregnancy (47) . Chemokines are also up-regulated, and systemic leukocytes demonstrate increased chemotactic responsiveness at parturition and perhaps before parturition as well (48, 49) . In prior studies, stimulation of NK cells from pregnant women with IL-12/IL-15 was not associated with increased levels of MIP-1α or MIP-1β (13, 14) . However, our own data demonstrate different responses based on the stimulation condition: the increase in MIP-1β production was observed only after infection of PBMC cultures with pH1N1 virus, and less so with H3N2 virus, but not with generalized stimulation with PMA/I. This difference is a critical distinction because nearly all in vitro evidence reporting decreased NK-and T-cell function during pregnancy has relied on such nonspecific stimulation (15, 16) , which our data also demonstrate. The inflammatory response to pH1N1 and H3N2 virus was also very different, with higher frequencies of IFN-γ-producing cells after H3N2 infection but lower T-cell production of MIP-1β. This pathway will require further investigation, but an elevated chemokine response to pH1N1 may be clinically important.
In addition to the significantly enhanced chemokine production by NK and T cells in pregnant women, the increased polyfunctional nature of the NK-and T-cell responses to influenza observed here was striking, particularly given the general perception that cellular immune responses are attenuated during pregnancy (11) . Increased polyfunctionality was observed in response to both pH1N1 and H3N2 viruses. Interestingly, pregnant women in their second trimester had significantly higher NK and CD4 + IFN-γ responses to pH1N1 virus on day 7 than women in the third trimester. This difference may suggest a deficit in the ability to mount a de novo adaptive immune response to influenza in vivo in the third trimester in comparison with those in the second because there was no difference in the baseline responses that would rely on innate NK and preexisting memory T-cell responses. Prior studies have reported decreased plasma IFN-γ levels during healthy pregnancy (13, 17) , but circulating plasma levels in the absence of stimulation or after nonspecific stimulation may not reflect the ability to respond to a viral challenge. In fact, during infection, local levels of cytokines may be more important predictors of immune responses, and mucosal and systemic levels of cytokines are generally not correlated (50) . Although production of IFN-γ, MIP-1β, and CD107a in response to infection with pH1N1 virus in vitro generally declined after vaccination in the postpartum period, these differences were not significant compared with baseline during pregnancy. Thus, pregnancy itself did not appear to have a dramatic effect on pH1N1 virus responses within an individual, although the boosting of responses by vaccination makes it difficult to interpret these results. In fact, T-and NK-cell responses to pH1N1 virus declined between day 7 and postpartum, suggesting that significant boosting had occurred. It is also possible that 6 wk postpartum was not a sufficient interval to allow for complete normalization of immune function after pregnancy, as has been suggested previously (13), decreasing our ability to detect pregnancy-induced changes longitudinally. However, even these subtle decreases in antiviral responses postpartum are remarkable in the context of the dramatic rise in NK-and T-cell functional responses to PMA/I stimulation postpartum compared with during pregnancy. Thus, the immune changes that occur during pregnancy appear to be finely tuned to the specific stimulus.
Limitations of the study include our modest sample size, differences between groups with respect to vaccination history and vaccination year, and the fact that the effect of mock vaccination could not be evaluated. In addition, although vaccination has been used as a surrogate to study alterations in the immune responses of the elderly (34) and children (33) in comparison with adults, it remains a surrogate for a true infection. Importantly, the baseline differences between pregnant and control women were not subject to bias based on differences in vaccination product or status because these studies measured intrinsic responsiveness to pH1N1 and H3N2 virus. To confirm that enhanced responsiveness contributes to pathology during pregnancy, larger studies and evaluation of pregnant vs. nonpregnant women infected with influenza will be necessary. The fact that the differences between pregnant women and controls were more dramatic with pH1N1 virus compared with H3N2 stimulation could explain the more extraordinary increases in morbidity and mortality seen in pregnant women with influenza during pandemics compared with seasonal influenza, although this finding will also need to be followed up with larger studies. In summary, we report that pregnant women have enhanced NK-and T-cell responsiveness to pH1N1 virus, and possibly H3N2 virus, compared with nonpregnant controls, both before and after IIV vaccination. Differences before immunization suggest that lymphocytes in pregnant women are intrinsically hyperresponsive to influenza virus in comparison with those of nonpregnant women. Importantly, these findings challenge the notion that pregnancy represents a state of suppressed cellular immune responses but instead suggest that immune responses to different challenges are differentially regulated during pregnancy.
Although these data will need to be confirmed in the setting of acute influenza infection in pregnant women, the increased chemokine and cytokine production in response to influenza virus could contribute to increased pneumonitis and more severe disease secondary to influenza infection in pregnant women. If these observations hold in the setting of influenza infection, targeted chemokine and cytokine inhibition could provide a novel therapeutic intervention for patients with severe influenza.
